Abstract -The objective of this work was to test a closed soilless growing system for producing bare root transplants and runner tips of two strawberry clones, using two categories of substrates. The system used corrugated roofing panels of fiber-cement, over which a substrate layer was used as a growing bed. The nutrient solution was pumped from a reservoir toward the upper end of the roofing panels and drained back to a reservoir. Plant growth and development were determined for two advanced strawberry clones, grown in sand or in Plantmax organic substrate. Growth of the stock plants and the number and dry mass of bare root transplants were similar in the substrates, but bare roots differed in their crown diameters by substrate. For number of runner tips, no significant differences were found in total, small, and medium categories in the substrates. A mean production of about 590 runner tips per square meter and 145 bare root transplants per square meter was obtained. For both clones, a large number of bare root transplants and runner tips of adequate size were produced in the closed soilless growing system using sand or organic substrate.
Introduction
For strawberry propagation, disease-free plantlets are obtained in vitro and, after an acclimatizing period, stock plants are grown in nurseries for further production of transplants (Santos & Medeiros, 2003) . Strawberry plants for commercial fruit production have been grown in soils fumigated with methyl bromide. Methyl bromide has been banned due to its risk to the environment. Therefore, new propagation methods are needed to produce strawberry transplants with high physiological and sanitary quality.
Strawberry transplants may be bare root or plugs. Bare root transplants are obtained from runners rooted in the soil, while plug transplants are rooted in containers or trays filled with substrate. Plugs have the root system embodied by the substrate and have advantages in relation to crop stand, earliness, and disease and pest management. Plug production Pesq. agropec. bras., Brasília, v.43, n.12, p. 1757-1761, dez. 2008 in media is being adopted in USA and Europe as an alternative to the use of methyl bromide (Bish et al., 2002; Durner et al., 2002; Lieten et al., 2004; Takeda et al., 2004; Hochmuth et al., 2006b) .
For production of plug transplants, only runner tips grown in a short summer time period are used. In USA, certified stock plants are grown in spring in fumigated open field nurseries. In Europe, planting is done in plastic bags filled with peat and placed on raised beds mulched with a white polyethylene film. In both cases, runners spread out horizontally, and tips are harvested and planted in trays for rooting (Durner et al., 2002) . Soilless suspended systems have been also developed to produce runner tips inside greenhouses Takeda et al., 2004) . These systems consist of elevated gutters with inert substrates and drip fertigation or of the nutrient film technique (NFT) in gullies .
In Brazil, only bare root transplants are grown in field without soil fumigation. As a consequence, transplant physiological and sanitary quality is low. The Brazilian strawberry industry depends on transplants imported from Argentina and Chile (Santos & Medeiros, 2003) .
Soilless growing systems are an alternative to avoid the use of fumigants in the production of strawberry transplants (Hennion & Veschambre, 1997; Bish et al., 2001; Lieten et al., 2004) . In Brazil, open soilless growing systems have been tested, but results have been inconsistent (Bueno, 2006; Oliveira et al., 2007) . Closed nutrient cycling systems are preferable to open ones, in order to reduce production costs and avoid environmental pollution due to nutrient solution drainage and loss. The use of substrates is recommended for better root aeration, especially under high air temperatures (Andriolo, 2006) , and for reducing pump wear (Giménez, 2007) . The choice of the substrate should be based on physical characteristics as well as availability, cost, and lifespan (Hennion & Veschambre, 1997; Lieten et al., 2004; Giménez et al., 2008) . A closed soilless growing system using sand or organic substrate for producing potato minitubers was reported (Andriolo, 2006) . Reports on the production of strawberry transplants on substrate with a closed nutrient system were not found in the literature.
The objective of this work was to determine the number and size of bare root transplants and runner tips of two strawberry clones grown in a closed soilless growing system, using two substrates.
Materials and Methods
The experiment was carried out in a screen house covered with a 120 µm polyethylene film, at the Universidade A timer-controlled 520 L h -1 submerse pump (8W, model S520, Sarlo Better Equipamentos, São Caetano do Sul, SP, Brazil) was used to circulate the nutrient solution from the reservoir to the upper end of the panel (Giménez, 2007) .
Two substrates and two strawberry clones were evaluated in a completely randomized split plot design, with five replications, with substrates as main plots and clones as subplots. Each sub-plot consisted of a panel of the soilless system with 3.85 m 2 and three stock plants. The advanced strawberry breeding clones LBD 15.1 and LBG 168.1, from the Strawberry Breeding Program of UFSM, were used. The substrates used were sand and a commercial organic substrate made with forest residues (Plantmax HA, Eucatex, Paulínia, SP, Brazil). Physical characteristics of sand were 0.001-0.003 m size particles, 1.6 kg dm -3 bulk density and 0.199 L dm -3 maximum water retention capacity. For Plantmax HA, bulk density was 0.405 kg dm -3 , and maximum water retention capacity 0,466 L dm -3 . Chemical analysis of Plantmax HA substrate, made at the UFSM Soil Laboratory according to Tedesco et al. (1995) , showed 600 mg dm The volume of nutrient solution delivered daily to plants was estimated from the water retention capacity of the substrate and the potential crop evapotranspiration (ET), with a drainage coefficient of 30%. The ET was estimated and leaf area was obtained from data of horticultural crops locally grown in a similar environmental condition (Dalmago et al., 2006) . The ET was further multiplied by the crop leaf area, estimated weekly from the growth pattern of the strawberry crop. With these estimations, the nutrient solution was delivered to plants during 15 min, four times a day, in the Plantmax HA substrate, and six times a day, in the sand.
Strawberry stock plants were obtained from the Biotechnology Laboratory of UFSM and acclimated in a greenhouse. Planting was on October 15 th , 2005, in the center of the bed, at a density of 1 stock plant per square meter. The experiment was ended 150 days later, when bare root transplants and runner tips were harvested. The final size of the stock plants was determined by dry mass of roots, crown, petioles and leaves. In the case of bare root transplants, number, total dry mass and crown diameter in 10 plants randomly sampled were measured. Dry mass was recorded after drying the plants in a forced air oven at 60°C until constant weight was reached. Runner tips were collected in a one-time harvest, counted and classified in three categories, according to the number of leaves and crown diameter (CD): small, with 2-3 leaves and 2 to 2.9 mm of CD; medium, with 3-4 leaves and 3 to 4.5 mm of CD; and large, with 4-6 leaves and 4.6 to 6 mm of CD. Small runner tips, without signs of adventitious roots or too large with roots bigger than 1 cm, were discarded (Durner et al., 2002) .
Data were submitted to analysis of variance and the means were compared by Tukey's test, at 5% probability. For number of bare root transplants and runner tips, the data were transformed using the expression (x + 0.05) 0.5 prior to performing the analysis of variance and Tukey's test.
Results and Discussion
No significant interactions were found between substrates and clones. Growth of stock plants was similar among treatments. Mean values were 15.4 g per plant, for total dry mass, and 11.7 mm for crown diameter. The relative fraction of total dry mass allocated in roots, crown, petioles and leaves was 0.10, 0.16, 0.32 and 0.42, respectively.
Means of bare root transplants differed between substrates only in the crown diameter that were thicker for those grown in sand ( Table 1) . The values of crown diameter in both substrates were in the acceptable range reported in the literature (Hochmuth et al., 2001 (Hochmuth et al., , 2006a (Hochmuth et al., , 2006b Durner et al., 2002) . Between clones, differences were in number, dry mass and crown diameter. Higher number of bare root transplants was produced by the clone LBD 15.1, while higher total dry mass and crown diameter were observed in the clone LBG 168.1. The crown of the strawberry plant acts as a storage compartment (Hennion & Veschambre, 1997) . In the propagation phase, growth of young runners depends on assimilates from the stock plant. Thus, a competition might take place among runners of the stock plant and also between the crown of the stock plant and runners. Increasing the number of runners will increase the number of transplants per stock plant, but its crown diameter might be lower. These relations might have occurred here, since the total dry weight and crown diameter were smaller in the genotype LBD 15.1, which produced a higher number of transplants (Table 1) .
Means of runner tips differed between substrates only in the large category ( Table 2 ). The fractions of small, medium and large were 0.40, 0.40 and 0.20 in the sand and 0.33, 0.39 and 0.28 in the Plantmax HA, respectively. Between clones, runner tip numbers were Table 1 . Bare root strawberry transplant number, dry mass per transplant, and crown diameter grown in a closed soilless system with two substrates and two clones (1) .
(1) Means followed by the same letters, in the column, do not differ by Tukey's test at 5% of probability.
higher in LBD 15.1 for all categories. The production of runner tips is genetically determined and is related to the propagation ability of a cultivar (Guttridge, 1985) , conditioning of the mother stock plant, and environmental conditions for vegetative reproduction. Runner tip production is used as a criterion to select cultivars in strawberry breeding programs. Present results showed that the substrate difference was of minor importance in the production of runner tips. Runner tips are classified into categories because their initial size may affect the final crown diameter of the plug transplant. Crown diameter influences crop characteristics such as yield, early flowering and fruit production. Results from the literature suggested that runner tips heavier than 1 g (Takeda & Hokanson, 2003; Takeda et al., 2004; Takeda & Newell, 2006) or plug transplants with a minimum crown diameter of 8 mm (Hochmuth et al., 2006a (Hochmuth et al., , 2006b ) are needed for high crop fruit productivity. In this research, runner tips were not weighted, but very small ones were discarded. Those used for rooting produced plug transplants with an average crown diameter of 9 mm.
A mean yield of about 600 runner tips per square meter was obtained (Table 2 ). This number was within the range obtained by Hokanson et al. (2004) and Takeda et al. (2004) and it was lower than that of Bish et al. (2001) , who used stock plants of commercial cultivars grown in suspended gutters. However, the latter authors used 32 stock plants per square meter. In the present experiment only 1 stock plant per square meter was used, which is an economic advantage because of the price of stock plants produced in vitro.
Conclusions
1. A high number of bare root transplants and runner tips of both clones with adequate size were produced in the closed soilless growing system using sand or organic substrate.
2. Substrate was of minor importance in the production of runner tips, but it may affect the crown diameter of bare root transplants. Table 2 . Total number and number in each size category of strawberry runner tips grown in a closed soilless system with two substrates and two clones (1) .
Small, medium, and large crown diameters for each corresponding size of plant based on the number of leaves: 3-3.9 mm for plants with 2 to 3 leaves; 4-5.5 mm for plants with 3 to 4 leaves; and 6-7 mm for plants with 4 to 6 leaves, respectively.
